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Abstract 
 
The paper presents results of research on precipitation processes in chromium – molybdenum – vanadium cast steel.  The 
examined material was the following cast steel grade: L21HMF and G17CrMoV5 – 10 (L17HMF) after long-term operation at elevated 
temperatures and after regenerative heat treatment. Identification of precipitates was performed by means of the transmission electron 
microscope using carbon extraction replicas and thin foils. On the basis of identifications it has been proved that in the structure of 
investigated cast steel grades, degraded by long-term operation, there are a few sorts of carbides with diverse stability, such as: M3C; M2C, 
M23C6, MC, M7C3. Moreover, the occurrence of compound complexes of precipitates – the so called “H-carbides” – has been revealed. 
Heat treatment of the examined cast steels contributed to changes in morphology and precipitation type. Whilst in the bainitic structure,  
obtained through heat treatment, only the occurrence of carbide types, such as:  M3C; M23C6 and MC has been noticed. 
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1. Introduction 
 
Frames and valve chambers of steam turbines are 
made of low-allow chromium – molybdenum – vanadium cast 
steels. During long-term operation of steel casts at elevated 
temperatures there are processes occurring which degrade their 
structure and decrease their functional properties. One of the 
main factors contributing to the structure degradation, and as a 
consequence, to a decrease of crack resistance and fall of creep 
resistance, are changes in the morphology and type of carbides 
[1,  2].   
Data provided by the literature sources [3 ÷ 5] indicate 
that in the chromium – molybdenum – vanadium cast steels 
there are many types of carbides with various thermodynamic 
stability, and these are: M3C, M7C3, M23C6, M2C and MC. Many 
researchers, like for instance [3, 4], claim that  the type of 
carbide phases occurring in the structure is mostly determined 
by chemical composition of the cast steel and heat treatment 
parameters applied in the casts processing technology. Whilst 
the temperature and time of long-term operation at elevated 
temperatures influence their size, shape and arrangement.  
After long term service of steel casts for over 120 000 
hours at the temperature range: 500 ÷ 550 
oC, still all of the 
carbide types occurred, i.e. : M3C, M7C3, M23C6, M2C and MC, 
however, there were changes in their chemical composition as 
well as in the quantitative relations between them. Moreover, 
the M6C carbide’s presence was noticed in the structure. Long-
term operation of cast steels most of all caused precipitation of 
new carbides and growth of size of the previously precipitated 
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also a process of lamellar carbides spheroidization running. 
What is more, the increase of amount and size of M23C6 
carbides – at the expense of M3C and M7C3 carbides – has been 
noticed, as well as their privileged precipitation on grain 
boundaries, which is one of the reasons for an increase of 
brittleness and decrease of mechanical properties. At the 
temperature higher than 510 
oC there is also a very slow process 
of coagulation of vanadium-rich carbides of MC type visible[3÷ 
6].  
The paper presents results of identification of carbides 
in the structure of chromium – molybdenum – vanadium cast 
steels after long-term service and after the regenerative heat 
treatment. 
 
2. Methodology of research 
  
The cast steels under examination were: L21HMF and 
G17CrMoV5 – 10 cast steel after operation and after 
regenerative heat treatment. Identification of carbides in   
chromium – molybdenum – vanadium cast steels was performed  
by means of extraction carbon replicas as well as on thin foils, 
using the electron micro-diffractions. Research has been 
performed by means of transmission electron microscope of 
Philips 301G type with the accelerating voltage of 100kV and 
also by means of the CM20 TWIN Philips microscope with the 
accelerating voltage of 200kV. Solution and identification of 
carbide phases was made using databases included in the 
computer programs, such as: ROZDIF and ELDYF.  
Regenerative heat treatment of the examined casts 
consisted in their bainitic hardening from austenitizing 
temperatures of 910 and 960 
oC for  L21HMF and G17CrMoV5 
– 10 cast steel, respectively, and high tempering at the 
temperature of 720 
oC. Detailed description of the influence of 
heat treatment on the structure and properties of the regenerated 
steel casts is presented in papers [1, 2]. 
 
3. Investigated material  
 
The examined material was chromium – molybdenum 
– vanadium cast steel: L21HMF and G17CrMoV5 – 10 
(L17HMF), with chemical composition presented in Table 1.  
 
Table 1. Chemical composition of the investigated cast steels,  
                % wt.
 
Material C  Mn  Si  Cr  Mo  V 
L21HMF  0.19 0.74 0.30 1.05 0.56 0.28 
G17CrMoV5–  10    0.15 0.65 0.26 1.60 1.17 0.30 
 
Samples of L21HMF cast steel were taken out (in the 
form of a section) from the internal frame of steam turbine 
which was serviced for over 186 000 hours at the temperature of 
540 
oC and pressure of 13.5MPa.  
Whilst the samples of G17CrMoV5 – 10 cast steel 
were taken out from a body frame of high-pressure turbine 
which was serviced for ca. 251 678 hours at the temperature of 
535 
oC and pressure of  9MPa. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Structure of the L21HMF cast steel after long-term   
              operation a) optical microscope, nital etched, b) TEM,  
              thin foil 
 
4. Research results 
 
4.1. Structural research  
 
In the post-operational condition the L21HMF cast 
steel was characterized by degraded ferritic – pearlitic structure. 
On grain boundaries and inside ferrite grains there were 
numerous carbides observed. In some areas the carbides 
precipitated on grain boundaries often formed „a continuous 
grid”. Whilst in pearlite the process of fragmentation and 
spheroidization of carbides could be noticed. The dominant 
phase in the  structure of investigated cast steel was 
quasipolygonal ferrite. 
The G17CrMoV5 – 10 cast steel after operation was 
characterized by a degraded bainitic – ferritic structure. 
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L21HMF cast steel, was quasipolygonal ferrite with diverse 
amount and dispersion of carbides precipitated inside the grains. 
On grain boundaries and inside ferrite grains there were 
numerous carbide precipitations of diverse morphology noticed. 
In some areas the number of carbides precipitated on grain 
boundaries was so large that they formed the so called 
„continuous grid” of precipitates. 
Examples of microstructures of the examined 
chromium – molybdenum – vanadium cast steels after long-term 
operation are presented in Fig. 1 and 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Structure of the G17CrMoV5 – 10 cast steel in post- 
             operational  condition:  a)  optical  microscope,  nital   
             etched, b) TEM, thin foil,  
 
After heat treatment the examined cast steel grades 
revealed the structure of high-temperature tempered lower 
bainite with precipitations of carbides on grain boundaries of 
former austenite grain, on bainite grain boundaries and inside 
bainite laths. The matrix of investigated cast steel after heat 
treatment was characterized by a large density of dislocation. At 
the same time, however, some sparse polygonized areas of 
lower dislocation density were observed. Presence of the 
polygonized areas in the cast steel after heat treatment can be 
caused by the difference in chemical composition of the 
particular grains resulting from the dendritic micro-segregation. 
It can also result from the lack of austenite homogeneity during 
heat treatment. However, it should be emphasized that the 
differences of chemical composition cause a local decrease of 
recrystallization temperature. 
  The microstructure of investigated cast steels after 
heat treatment (bainitic hardening and high tempering) is 
presented in Fig. 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The structure of examined cast steel after heat treatment: 
 a)  L21HMF cast steel; b) G17CrMoV5 – 10 cast steel, TEM, 
thin foil 
 
4.2. Identification of precipitates 
 
Performed identification of precipitates in the L21HMF 
cast steel reveled presence of the following carbide types in the 
ferritic – pearlitic structure degraded by long-term service: 
9 M3C and M7 C 3 carbides in the areas of degraded 
pearlite; 
9 M23C6 carbides on ferrite grain boundaries; 
9 M23C6, M7C3, M2C and MC carbides inside grains 
(Fig. 4); 
9 compound complexes of precipitates in boundary 
areas (Fig. 5). 
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Fig. 4. Carbides revealed in the L21HMF cast steel: a) M7C3;  
              b)  M2C; the L21HMF cast steel, extraction carbon   
               replica, TEM 
 
After identification of the revealed complexes of 
precipitations (Fig. 5) it has been proved that these sorts of 
precipitations are created by the following carbides: MC and 
M2C, where the MC carbide is a “horizontal” precipitation, while 
M2C carbides are precipitations of “vertical” type (Fig. 5b). In 
literature sources such a kind of compound precipitates are called 
„H – carbides”  [6 ÷ 8]. Literature data [6, 8] indicate that during 
long-term operation there is an „unequal” enrichment of MC 
carbide with molybdenum. Higher concentration of molybdenum 
was discovered in the „terminal” areas of MC carbides in 
comparison with their central part. Enrichment of MC carbides 
with molybdenum enables nucleation of “needle-shaped” 
precipitations of M2C (molybdenum-rich) on the inter-phase 
boundary of MC carbide/ferrite. These processes run more 
intensely in the border areas of grains, which results in the 
occurrence of precipitation free zones. According to researchers 
[e.g. 6, 7, 9] these zones may be the cause of slow decreasing of 
mechanical properties, the yield point in particular, during long 
term operation. Some of the researchers also suggest that such 
complexes cause a decay of fine-dispersion MC carbides and may  
 
 
 
 
 
 
 
 
 
Fig. 5. Complexes of „H – carbide” occurring in the L21HMF  
            cast steel, extraction carbon replica, TEM  
 
 
lead to a decrease of creep resistance of the serviced materials [6 
÷ 8]. 
 
Research on the G17CrMoV5 – 10 (L17HMF)  cast steel 
after operation, performed by means of an electron microscope 
revealed the occurrence of the following precipitations in the 
degraded structure:  
¾ on grain boundaries of  M23C6 carbides; 
¾ inside grains, except M23C6, M7C3 and MC carbides, 
similarly as in the L21HMF cast steel, the occurrence of 
compound complexes of precipitations of „H – carbide” 
type was revealed. 
Examples of precipitations images in the examined cast steel are 
illustrated in Fig. 6.  
 
 
 
 
 
 
 
100 ARCHIVES OF FOUNDRY ENGINEERING Volume 9, Issue 1/2009, 97-102 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Carbides revealed in the G17CrMoV5 – 10 (L17HMF) cast  
           steel:  a) VC carbide inside bainite laths b) precipitation of  
          „H - carbide” type inside bainite laths, extraction carbon   
           replica, TEM 
 
 
4. 3. Condition after heat treatment  
 
Heat treatment of the examined cast steel – bainitic 
hardening and  high tempering at the temperature of 720 
oC – 
contributed to the change in morphology and type of carbides. 
Analysis of the extraction carbon replicas has proved that the 
austenitizing temperature of the examined chromium – 
molybdenum – vanadium cast steels (L21HMF –  910 
oC, 
G17CrMoV5 – 10 – 960 
oC) did not allow a complete solution of 
carbides in the matrix. In the case of L21HMF cast steel after 
bainitic hardening there was some amount of single unsolved 
precipitates noticed, along with the large M23C6 carbides and fine 
precitpitates of MC type. In the case of  G17CrMoV5 – 10  cast 
steel after bainitic hardening only the MC carbides were observed. 
Carbides, which are not solved during austenitization, are a factor 
inhibiting the austenite grain growth and they influence the 
subsequent properties of the cast steel significantly.  
In the investigated cast steel structure after tempering, 
apart from the carbide types: MC and M23C6 (Fig. 7) also the 
following ones were revealed: 
i M7C3 carbides precipitated on grain boundaries of former 
austenite and on the boundaries of bainite laths; 
i  M3C carbides precipitated inside bainite laths. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Solved electron diffraction patterns of the carbides   
               appearing  in  L21HMF  cast  steel  after  heat  treatment:  
              a) M23 C6; b) MC 
 
5 . Summary  
 
Performed identification of precipitates, appearing in 
the  chromium – molybdenum – vanadium cast steels, allows to 
propose a description of the probable course of formation and 
solution of carbides in the investigated material (Fig. 8): 
 
 
 
 
 
 
 
a) 
b) 
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9 G17CrMoV5 – 10 cast steel  
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